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( 1), $u_{i}$ ,
$\frac{\partial u_{i}}{\partial t}+s_{X_{2^{\frac{\partial u_{i}}{\partial x_{1}}}}}+u_{k}\frac{\partial u_{i}}{\partial x_{k}}=-s_{u_{2}\delta\frac{\partial p}{\partial x_{i}}}i1+f\epsilon ij3u_{j}-+\nu\nabla^{2}ui$ (1)
$(\partial u_{i}/\partial x_{i}=0)$ . , $P$ , $\nu$
, $f=2\Omega$ $\Omega$ . $\rho$ – , 1
. , $(f-S)\hat{X}3$ .
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1 .
, ( ) ,
. , (1)
$\partial_{t}u_{1}+(u_{\perp}\cdot\nabla_{\perp})u_{1}$ $=$ $(f-S)u_{2}+\mathcal{U}\nabla_{\perp 1}2u$ , (2a)
$\partial_{t}u_{2}+(u\perp\cdot\nabla\perp)u2$ $=$ $-\partial_{2p-f\nu}u_{1}+\nabla^{2}\perp u2$ , (2b)
$\partial_{t^{u_{3}+}}(u_{\perp}\cdot\nabla_{\perp})u_{3}$ $=$ $-\partial_{3}p+\iota \text{ }\nabla^{2}\perp u3$ (2c)
. , $\perp$ $x_{1}$ , $\partial_{i}=\partial/\partial x_{i},$ $\partial_{t}=\partial/\partial t$
. (2b) ,
2 .
, $u(x;t)$ $x_{3}$ $\overline{u}(x_{2}; t)$ $u’(x;t)$
. ,
$\overline{u}_{1}(x_{2;}\mathrm{o})=A\sin x_{2}$ (3)
$x_{2}$ ( 1) ,
$U(x_{2;}t)+\overline{u}(x_{2;t)}$ .
22
. Bradshaw (1969) ,
$B=f(f-s)/S^{2}=(1+R_{\mathit{0})}/Ro^{2}$ (4)
, , 3 $B>0$




( ) , . ,





, , , $x_{1}$ – (2)
(Pedley 1969, Yanase et al. 1993, Leblanc&Cambon 1997).
, $u(x, t)=\overline{u}(k, t)e^{\mathrm{i}}k\cdot x$ ,
$\frac{\mathrm{d}\overline{u}_{1}}{\mathrm{d}t}=(-S+f)\overline{u}2,$ $\frac{\mathrm{d}\overline{u}_{2}}{\mathrm{d}t}=-\frac{k_{3}^{2}}{k_{2}^{2}+k_{3}^{2}}f\overline{u}_{1},\tilde{u}_{3}=-\frac{k_{2}}{k_{3}}\overline{u}_{2}$ , (6)
. , $k$ ( , $k_{1}=0$ ). $B<0$
, $B>0$ . Bradshaw




$Ro^{(l)}(X_{2}; t)=- \frac{s+\mathrm{d}\overline{\mathrm{e}l}_{1(\cdot t)/2}x2,\mathrm{d}X}{f}$ (7)
.
2.3
, 2 . (2) ,
. , (3)
. 3 $E(k)=ck^{4}\exp(-2k2/2k2)p$
3 , $k_{1}=0$ ( $k=\sqrt{k_{2}^{2}+k_{3}^{2}}$)
. , $c$ , $k_{p}$ . $S$ 1,
$\nu$
$2^{-8}$ , 2 $f$ , (3) $A$ ,
$k_{p}$ . ,
$\omega’$ . $0\leq x_{2}<2\pi,$ $0\leq x_{3}<32\pi$ ,
128 , 2048 . 1 . , run2,




2 . (a) run2, (b) run3, (c) run4, (d) run6. , , , 1 , 2
, 3 , , $St=0,5,10,15,20,25$ . $(Ro^{(}\iota)=-1)$
. , (a) $Ro^{(l)}=-0.9$ .
3.
3.1
2 . (a) run2 ( ), (b)
run3 ( ), (c) run4 ( ), (d) run6 ( )
. (a) run2 , $2\pi/3<x_{2}<4\pi/3$
.
, .
, $(Ro^{()}l\approx-1)$ . - ,
$x_{2}=0$ , .
$(\mathrm{b}),(\mathrm{c})$ run3 ( ), run4 ( ) , run2
. , run2 ,
160
, $\overline{u}_{1}(x_{2}; t)$ . , $Ro=-1$
,
. , run4 , $St=12$
(– ). (d) , run6
. , ,
, .
, . runl run5
( ).
run2 , $\omega’$ 1, 0.01
$k_{p}$ 4, 16 4 ,
( ). , $A$
$-0.5,2$ $(2\pi|A|/\nu)$ 4 , run2
$Ro^{(l)}\approx$ -1- ( ).
32
$\overline{u}_{1}$ -ul $=-\partial_{2}(u_{12})\overline{;_{u^{;}}}+\nu\partial_{2^{2}}\overline{u}_{1}$ . 2 ,
1 , , . 3 ,
$-\overline{u_{1}’u_{2}^{;}}$ $x_{2}=\pi$ , $x_{2}<\pi(x_{2}>\pi)$ ( ) .




. , $P=(S+\partial_{2}\overline{u}_{1})\overline{u_{2}^{\prime 2}}$, $G=f(\overline{u_{1}^{\prime 2}}-\overline{u^{\prime 2}})2$ ’ $\Phi=-\overline{p’(\partial 1u_{2}+\prime\partial 2u\prime)1}$ ,
$\epsilon_{12}=2\nu\overline{(\partial_{k}\underline{u_{1})\prime(\partial}_{k}u’)2}$ , , , , . ,
$T^{(N)}=\partial_{2}(u_{12}u)\prime\prime 2,$ $T^{(P)}=\partial_{2}(\overline{u_{1}’p’}),$ $T^{(V)}=-\nu\partial_{2^{2}}(uu_{2}’)\overline{\prime 1}$ , , ,
. 4 , $-\overline{u_{1}’’u_{2}}$ $(St=11)$ $-\overline{u_{1}’u_{2}’}$ . (a)
$P+G$ , $\Phi$ , $\epsilon_{12}$ ,
$T^{(N)}+T^{(P)}+T^{(V)}$ . , (b) ,




$\nabla^{2}p’=-(\partial_{i}u_{j}’)(\partial_{j}u_{i}’)+\partial_{2^{2}}(\overline{u_{2}\prime^{2}})-f\partial 2u’1$ ( 3 )
. , $Ro^{(l)}\approx-1$
, .
, run2 $\overline{u_{2}^{\prime 2}}$ ( ). $u_{2}$
$u_{1},$ $u_{3}$ . , $\overline{u_{2}’}$ , $\overline{u_{1}^{\prime 2}}$
, $\overline{u_{2}^{\prime 2}}$ , $\overline{u_{3}’}$2 .
$u_{2}’$ $\langle$ , ,
.
161
3 $-\overline{u_{1}’u_{2}’}$ (run2). , , 1 , 2 $St=5,10,15,20$.
(a) (b)
4 $-\overline{u_{12}’u’}$ (run2). $St=11$ .
3.3
, . –
, , . ,
$\check{u}_{1}=u_{1}-(f-s)X_{2},\check{p}=p+\frac{f(f-S)}{2}x_{2}^{2}$ (9)
, $(2\mathrm{a}),(2\mathrm{b})$ , ,
$\frac{\partial\check{u}_{1}}{\partial t}+(u_{\perp}\cdot\nabla\perp)\check{u}_{1}$ $=$ $\nu\nabla_{\perp}^{2}\check{u}_{1}$ , (10a)
$\frac{\partial u_{2}}{\partial t}+(u_{\perp}\cdot\nabla\perp)u_{2}$ $=$ $- \frac{\partial\check{p}}{\partial x_{2}}-f\check{u}_{1}+\nu\nabla_{\perp}^{2}u2$ (10b)
. - , 2 $\kappa$ ,
$\frac{\partial T}{\partial t}+(u\perp\cdot\nabla\perp)T$ $=$ $\kappa\nabla_{\perp}^{2}.T$, (lla)
$\frac{\partial u_{2}}{\partial t}+(u_{\perp}\cdot\nabla\perp)u_{2}$ $=$ $- \frac{\partial p}{\partial x_{2}}+\alpha gT+\nu\nabla\perp^{2}u2$ (llb)
162
. , $-x_{2}$ , $T$ , $\alpha$
, $g$ . , $T$ $\check{u}_{1}$
$Pr=\nu/\kappa=1$ . Veronis (1970)
.
$u_{1}+Sx_{2}$ , (10a) ,
. , Tritton (1992) ,
$x_{2}$ $\Delta x_{2}$ , $f\Delta x_{2}$ ( )
. , $u_{1}$
, , $x_{1}$ – .
, 31
. 3 run2 -u\check l $=-\overline{u}_{1}+(f-S)X2$
. , $-x_{2}$
, $-\check{u}_{1}>0$ , $-\check{u}_{1}<0$
. , $x_{2}=\pi$ , ’





$\text{ }5$ $-\overline{\check{u}}_{1}$ (run2).
\emptyset ’ Bradshaw (1969)
. , ( )






. , run2 3 . ,
, 2
, $8\pi\cross 2\pi\cross 2\pi$ , $256\cross 256\cross 256$
.
6 , 2(a)




) . $St=25$ 6
$\overline{u}_{1}$ .
163
, $Ro^{(l)}\approx-0.9$ . ,
$u_{1}^{J2}$
$-\overline{u_{1}’u_{2}\prime}$ ,







. , – ,
. , $Ro^{(l)}\approx-1$
.
3 , 2 ,
$-1$ .
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